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(57) ABSTRACT

A semiconductor device includes: a semiconductor substrate
including a first semiconductor layer, an insulation layer and
a second semiconductor layer, which are laminated in this
order; a trench penetrating both of the second semiconductor
layer and the insulation layer and reaching the first semi-
conductor layer; and a third semiconductor layer. The trench
has a ring shape on a principal surface of the substrate so that
a part of the second semiconductor layer and a part of the
insulation layer are surrounded with the trench. The third
semiconductor layer 1s disposed in the trench through a first
insulation film disposed on a sidewall of the trench so that
the third semiconductor layer contacts the first semiconduc-
tor layer at a bottom of the trench.

35 Claims, 10 Drawing Sheets
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FIG. 12 PRIOR ART
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SEMICONDUCTOR DEVICE HAVING SOI
CONSTRUCTION

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application
No. 2003-394456 filed on Nov. 235, 2003, the disclosure of
which 1s 1ncorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a semiconductor device
having a SOI (i.e., silicon on insulator) substrate, and more
particularly to a semiconductor device utilizing a trench
sidewall 1nsulation film as a dielectric film of a capacitor.

BACKGROUND OF THE INVENTION

SOI (silicon on 1nsulator) technology 1s employed to
achieve semiconductor elements with higher speeds and
higher degrees of integration. SOI technology includes the
steps of forming a semiconductor layer on an insulation
board, and then forming semiconductor elements in the
semiconductor layer.

For example, U.S. Pat. No. 6,429,486 discloses a semi-
conductor device employing a semiconductor board with an
SOI structure having a buried nsulation film.

FI1G. 12 1s a cross section of the semiconductor device 80
disclosed 1n U.S. Pat. No. 6,429,486.

The semiconductor device 80 shown in FIG. 12 has a
semiconductor substrate 81, an insulation oxide film 82, an
SOI layer 83, and an 1insulation layer oxide film 86. An
opening 84 1s formed through the msulation oxide film 82
and SOI layer 83, and reaches the semiconductor substrate
81. The opening 84 1s filled with a p-type poly-silicon to
form a conductor layer 85. An opening 87 1s formed through
the msulation layer oxide film 86 on the SOI layer 83 and
filled with an electrode 88 to form an electrical connection
to the conductor layer 85. The electrode 88 formed on the
front side of the semiconductor device 80 fixes the potential
of the semiconductor substrate 81. For this reason, a semi-
conductor device 1s achieved that can prevent malfunction-
ing of semiconductor elements by fixing the potential of the
semiconductor substrate 81, even 1n a package 1in which the
clectrode on 1ts backside cannot be connected to an outside
terminal.

Here, tlip-chip packaging 1s employed as a packaging
method for highly integrated high-speed semiconductor
chuips. Flip-chip packaging includes the steps of forming
solder bumps on the main side of a semiconductor chip on
which semiconductor elements are formed, and then con-
necting the main side of the chip to a wiring board, on which
the chip 1s to be mounted, via the bumps. Flip-chip pack-
aging 1s suitable to the high speeds and high degrees of
integration of semiconductor chips due to SOI technology
because 1t can lower the wiring delay and downsize the
package. In recent years, for flip-chip packaging implemen-
tation, CSP (chip size package) structure has been studied,
in which the size of the wiring board 1s made to be nearly the
same as the semiconductor chip with the aim of further
downsizing.

Semiconductor elements boasting high speeds and high
degrees of integration due to SOI technology have had the
problem that heat generated during operation cannot be
casily radiated outside the semiconductor device due to the
presence ol substrates having a low thermal conductivity.
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Even 1n flip-chip packaging, the heat radiation capability 1s
lower compared to the conventional packaging method of
bonding the back side of semiconductor chips to wiring
boards, being especially prominent in CSP structures. For
this reason, in the highly integrated high-speed semiconduc-
tor devices, such problems easily arise as changes in the
clement characteristics, increase 1 wiring resistance, melt-
ing of the solder bumps, or peeling of the protective film due
to thermal stress.

Further, malfunctioning or the like due to noise cannot be
completely eliminated, in the semiconductor device 80
shown 1n FIG. 12, although the potential of the semicon-
ductor substrate 81 i1s fixed. Therefore, 1n order to inhibit
malfunctioning or the like due to noise, 1t 1s necessary to add
capacitors, resistors, etc. to a wiring board to form a noise
removing circuit. However, mounting these elements inevi-
tably enlarges the overall size of the package.

SUMMARY OF THE INVENTION

In view of the above-described problem, 1t 1s an object of
the present invention to provide a semiconductor device
having small dimensions and low noise performance.

A semiconductor device includes: a semiconductor sub-
strate including a first semiconductor layer, an insulation
layer and a second semiconductor layer, which are laminated
in this order; a trench penetrating both of the second
semiconductor layer and the insulation layer and reaching
the first semiconductor layer; and a third semiconductor
layer. The second semiconductor layer i1s disposed on a
principal surface of the substrate, and the first semiconduc-
tor layer 1s disposed on a backside of the substrate. The
trench has a ring shape on the principal surface so that a part
of the second semiconductor layer and a part of the insula-
tion layer are surrounded with the trench. The third semi-
conductor layer 1s disposed in the trench through a first
insulation film disposed on a sidewall of the trench so that
the third semiconductor layer contacts the first semiconduc-
tor layer at a bottom of the trench.

In the above device, the third semiconductor layer embed-
ded in the trench fixes the electric potential of the first
semiconductor layer disposed on the backside of the semi-
conductor substrate. Therefore, the noise of the device can
be reduced. Further, the third semiconductor layer 1s pro-
vided by a vertical type construction so that the device has
small dimensions. Thus, the device has small dimensions
and low noise performance.

Preferably, the device further includes first and second
clectrodes. The first electrode 1s disposed on the principal
surface of the substrate through a second 1nsulation film, and
clectrically connects to the third semiconductor layer
through a contact hole. The second electrode 1s disposed on
the principal surface of the substrate through the second
insulation film, and electrically connects to the part of the
second semiconductor layer surrounded by the trench
through another contact hole.

Preferably, the first semiconductor layer has a first con-
ductive type, the second semiconductor layer has a second
conductive type, and the third semiconductor layer has the
first conductive type with an impurity concentration higher
than the first semiconductor layer. More preferably, the part
of the second semiconductor layer surrounded by the trench
turther includes a diffusion layer disposed inside of the first
insulation film so that the diffusion layer surrounds the part
of the second semiconductor layer. The diffusion layer has
the second conductive type with an impurity concentration
higher than the part of the second semiconductor layer. The
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second electrode on the second insulation layer connects to
the diffusion layer through the contact hole. Furthermore
preferably, the third semiconductor layer, the first insulation
film and the diffusion layer provide a first capacitor. In this
case, the diffusion layer 1s used for one electrode of the first
capacitor so that the impurity concentration of the second
semiconductor layer can be reduced. Therefore, semicon-
ductor elements and the like can be formed and integrated 1n
the second semiconductor layer so that the dimensions of the
device are reduced.

Preferably, the device further includes a fourth semicon-
ductor layer disposed between the insulation layer and the
second semiconductor layer. The fourth semiconductor layer
has the second conductive type with an impurity concentra-
tion higher than the second semiconductor layer. The fourth
semiconductor layer contacts the diffusion layer. More prei-
erably, the fourth semiconductor layer, the insulation layer
and the first semiconductor layer provide a second capacitor.
In this case, the fourth semiconductor layer 1s used for one
clectrode of the second capacitor so that the impurity
concentration of the second semiconductor layer can be
reduced. Therefore, semiconductor elements and the like can
be formed and 1ntegrated in the second semiconductor layer
so that the dimensions of the device are reduced.

In the above cases, the impurity concentration of the third
semiconductor layer in the trench can be controlled appro-
priately so that the third semiconductor layer 1s used for a
resistor. This resistor and the above capacitors can reduce
the noise of the device. Further, the resistor and the capaci-
tors are provided by a vertical type construction so that
dimensions of the device are small. Theretfore, the device has
small dimensions and low noise performance.

Further, a semiconductor device includes: a semiconduc-
tor substrate including a first semiconductor layer, an 1nsu-
lation layer and a second semiconductor layer, which are
laminated in this order; a trench penetrating the second
semiconductor layer and reaching the insulation layer; a
third semiconductor layer; and first and second electrodes.
The first semiconductor layer 1s disposed on a backside of
the substrate, and the second semiconductor layer i1s dis-
posed on a principal surface of the substrate. The trench has
a ring shape on the principal surface 1n a plan view so that
a part of the second semiconductor layer 1s surrounded with
the trench. The third semiconductor layer 1s disposed in the
trench through a first insulation film disposed on a sidewall
of the trench. The first electrode 1s disposed on the principal
surface of the substrate through a second msulation film, and
clectrically connects to the third semiconductor layer in the
trench through a contact hole. The second electrode 1s
disposed on the principal surface of the substrate through the
second insulation film, and electrically connects to the part
of the second semiconductor layer through another contact
hole.

In the above device, the noise ol the device can be
reduced. Further, the third semiconductor layer 1s provided
by a vertical type construction so that the device has small
dimensions. Thus, the device has small dimensions and low
noise performance. Further, the trench does not penetrate the
insulation layer so that the method for manufacturing the
device 1s simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present mvention will become more apparent from the
tollowing detailed description made with reference to the
accompanying drawings. In the drawings:
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FIG. 1A 1s a plan view showing a semiconductor device
according to a first embodiment of the present invention, and
FIG. 1B 1s a cross sectional view showing the device taken
along line IB—IB 1n FIG. 1A;

FIGS. 2A and 2B are cross sectional views explaining a
method for manufacturing the device according to the first
embodiment;

FIGS. 3A and 3B are cross sectional views explaining a
method for manufacturing the device according to the first
embodiment;

FIGS. 4A to 4C are cross sectional views explaining a
method for manufacturing the device according to the first
embodiment;

FIGS. 5A and 5B are cross sectional views explaining a
method for manufacturing the device according to the first
embodiment;

FIG. 6 1s a cross sectional view showing the device
mounted on a wiring board, according to the first embodi-
ment,

FIG. 7A 1s a plan view showing another semiconductor
device according to a modification of the first embodiment,
and FIG. 7B 1s a cross sectional view showing the device
taken along line VIIB—VIIB 1n FIG. 7A;

FIG. 8A 15 a plan view showing further another semicon-
ductor device according to another modification of the first
embodiment, and FIG. 8B 1s a cross sectional view showing
the device taken along line VIIIB—VIIIB 1n FIG. 7A;

FIG. 9A 1s a plan view showing a semiconductor device
according to a second embodiment of the present invention,
and FIG. 9B 1s a cross sectional view showing the device
taken along line IXB—IXB 1n FIG. 9A;

FIG. 10 1s a cross sectional view showing a semiconduc-
tor device according to a third embodiment of the present
imnvention;

FIG. 11 1s a cross sectional view showing another semi-
conductor device according to a modification of the third
embodiment;

FIG. 12 1s a cross sectional view showing a semiconduc-
tor device according to a prior art; and

FIG. 13 1s a cross sectional view showing a semiconduc-
tor device according to a comparison of the first embodi-
ment.

L1l

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

First Embodiment

The mventors have preliminarily studied about a semi-
conductor device having a SOI construction.

A semiconductor device 90 shown in FIG. 13 has been
studied. FIG. 13 1s a typical cross section showing the
semiconductor device 90 1n a state in which a flip chip 1s
mounted on a wiring board 70 with solder bumps 71
interposed between them.

The semiconductor device 90 shown 1n FIG. 13 employs
a semiconductor board with an SOI structure having a buried
insulation film 92. A first semiconductor layer 91 and a
metallic layer 94 are formed on the backside (the upper side
in FIG. 13) of the buried insulation film 92. A second
semiconductor layer 93 i1s formed on the main side (the
lower side in FIG. 13) of the burnied msulation film 92, with
semiconductor elements formed 1n the second semiconduc-
tor layer 93. Heat generated 1n the semiconductor elements
1s radiated through the metallic layer 94 formed on the first
semiconductor layer 91. This allows for a semiconductor
device with enhanced heat radiation capability without
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inhibiting the high speeds and high degrees of integration of
semiconductor elements due to SOI technology and the
package downsizing by flip-chip packaging.

Although the heat radiation capability of the semiconduc-
tor device 90 can be improved, 1t has been proven that the
metallic layer 94 on the first semiconductor layer 91 func-
tions as a noise antenna, and that malfunctioning or output
fluctuations of the device due to noise easily occur. Such
malfunctioning or the like due to noise cannot be completely
eliminated, even 1n the semiconductor device 80 shown in
FIG. 12, where the potential of the semiconductor substrate
81 1s fixed. Theretfore, in order to 1nhibit malfunctioning or
the like due to noise, 1t 1s necessary to add capacitors,
resistors, etc. to the wiring board 70 to form a noise
removing circuit. However, mounting these elements inevi-
tably enlarges the overall size of the package.

In view of the above difliculty, a semiconductor device
according to a first embodiment of the present invention 1s
provided.

FIGS. 1A and 1B typically show the semiconductor
device 100 according to the first embodiment of the present
invention. FIG. 1A 1s a top plan of the semiconductor device
100. FIG. 1B 1s a cross section taken along line IB—IB 1n
FIG. 1A.

As shown 1n FIG. 1B, the semiconductor device 100
employs a silicon (S1) semiconductor board 10 as a semi-
conductor substrate with an SOI (silicon on 1nsulator) struc-
ture. The semiconductor board 10 has a first semiconductor
layer 11 of the p-conductive type (p-), an mnsulation film 12
as a buried mnsulation film (1.e., an 1nsulation layer), and a
second semiconductor layer 13 of the n-conductive type.
The 1nsulation film 12 1s buried in the semiconductor board
10 and formed out of silicon oxide film (S10,). The two
semiconductor layers 11 and 13 are formed on the back and
main sides respectively of the buried 1nsulation film 12. The
second semiconductor layer 13 includes a diflusion layer
13# as a fourth semiconductor layer of the n-conductive type
(n—) buried 1n contact with the adjacent surface of the buried
insulation film 12. The buried diffusion layer 13« 1s formed
by the diffusion of antimony (Sb) or the like. The impurity
concentration of the bunied diffusion layer 13« 1s denser (n+)
than the second semiconductor layer 13.

A trench t1 extends from the surface on the main side of
the semiconductor board 10 through the buried insulation
film 12 to the first semiconductor layer 11. A polycrystal
silicon (poly-S1) layer 16 as a third semiconductor layer of
the p-conductive type (p+) 1s buried 1n the trench t1, with
sidewall msulation films 15 as a first insulation {ilm inter-
posed, which are oxide films. The polycrystal silicon layer
16 contains boron (B) or another impurity. As shown 1n FIG.
1A, the trench t1 takes the form of a closed ring in plan view,
which surrounds a part of the second semiconductor layer
13.

The surrounded part of the second semiconductor layer 13
has a diffusion region 13/ of the n-conductive type formed
in contact with the inner sidewall 1nsulation film 15 1n the
trench t1 1n the form of a ring. The impurity concentration
of the diflusion region 13/ 1s denser (n+) than the second
semiconductor layer 13. The bottom of the diffusion region
13/1s 1n contact with the buried diffusion layer 13«, so that
the diffusion region 13/ and buried diffusion layer 13« are
clectrically connected.

As shown 1n FIG. 1B, the semiconductor device 100 has
an insulation layer 14 as a second insulation film, a first
clectrode el, and a second electrode €2. The msulation layer
14 1s formed on the main side of the semiconductor board
10. The two electrodes el and €2 are formed on the top of
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the msulation layer 14. The first electrode el 1s connected
via a contact 16¢ to the polycrystal silicon layer 16 in the
trench t1. The second electrode €2 1s connected via a contact
13/c to the diffusion region 13f. The semiconductor device
100 also has a metallic layer 17 formed on the surface on the
backside of the semiconductor board 10. The metallic layer
17 tunctions as a heat radiator etc. and may be plated with
copper (Cu), which 1s eflective for heat radiation.

The semiconductor device 100 has a first capacitor C1,
which consists of the inner sidewall insulation film 15 1n the
trench t1, the polycrystal silicon layer 16 formed outside the
film 135 1n the trench t1, and the diffusion region 13/ 1nside
the film 15. The semiconductor device 100 also has a second
capacitor C2, which consists of the buried insulation film 12,
the first semiconductor layer 11 on the lower side of the film
12, and the diffusion layer 13« 1n the second semiconductor
layer 13 on the upper side of the film 12. Thus, not only the
sidewall 1nsulation film 15 1n the trench t1 but also the
buried insulation film 12 can be used as a capacitor. By
adjusting the impurity density of the polycrystal silicon layer
16 buried 1n the trench tl, 1t 1s also possible to use the silicon
layer 16 as a resistor R1. Because the first capacitor C1 and
resistor R1 are vertical, they do not occupy large areas and
may be used to remove noises from the semiconductor
device 100. Thus, the semiconductor device 100 1s a device
employing a semiconductor board 10 with an SOI structure
that has the msulation film 12 buried 1n the device 100, the
device being small and having excellent noise removing
capability.

Because the trench t1 extends through the buried insula-
tion film 12 to the first semiconductor layer 11 on the back
side, 1t 1s possible to fix the potential of the layer 11 by
means of the polycrystal silicon layer 16 buried in the trench
t1 and the first electrode €1 connected to the trench t1. This
can also inhibit malfunctioning of the semiconductor device
100 due to noise.

If there were no need to fix the potential of the first
semiconductor layer 11 and form the second capacitor C2
employing the buried insulation film 12, the trench t1 might
extend only to the film 12 without extending through 1it.

A process for producing the semiconductor device 100
shown 1n FIGS. 1A and 1B will be described below.

FIGS. 2A to 5B are cross sections showing the steps of the
process for producing the semiconductor device 100.

First, as shown 1n FIGS. 2A to 3B, two silicon semicon-
ductor boards 10a and 105 having a thickness of about 300
um are provided separately.

As shown 1n FIG. 2A, the silicon semiconductor board
10q 1s a silicon semiconductor board 13 of the n-conductive
type (n-), which finally becomes the second semiconductor
layer 13 of the semiconductor device 100.

As shown 1 FIG. 2B, n-conductive type impurities are
diffused from a surface of the silicon semiconductor board
13 so that a high-density (n+) diffusion layer 13# can be
formed, which finally becomes the buried diffusion layer
13u of the second semiconductor layer 13.

As shown in FIG. 3A, the other silicon semiconductor
board 1056 1s a silicon semiconductor board 11 of the
p-conductive type (p—), which finally becomes the first
semiconductor layer 11 of the semiconductor device 100.

As shown i FIG. 3B, an oxide film 12, which finally
becomes the buried 1nsulation film 12 of the semiconductor
device 100, 1s formed on a surface of the silicon semicon-
ductor board 11.

Next, as shown 1n FIG. 4A, the diffusion layer 13« of the
s1licon semiconductor board 10a and the oxide film 12 of the
s1licon semiconductor board 105 are bonded to each other by
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the ordinary silicon bonding technique. Subsequently, the
silicon semiconductor board 10a 1s ground to a thickness
(about 10 um). This forms a semiconductor board 10 having
an SOI structure, 1n which the oxide film 12 is the buried
insulation film 12, with the first semiconductor layer 11 of 5
the p-conductive type (p-) and the second semiconductor
layer 13 of the n-conductive type (n-) formed on the back
and main sides respectively of the buried insulation film 12.

Next, as shown 1n FIG. 4B, a trench t1 1s formed that
extends from the main side of the semiconductor board 10 10
through the buried insulation film 12 to the first semicon-
ductor layer 11. The formation of the trench t1 includes the
steps of forming an etching mask having an opening on the
main side of the semiconductor board 10, subsequently
dry-etching the second semiconductor layer 13 from the 15
mask opening until the trench t1 reaches the buried 1nsula-
tion film 12, and finally dry-etching or wet-etching the film

12.

Next, as shown 1n FIG. 4C, sidewall insulation films 15
are formed 1n the trench t1 by means of thermal oxidation or 2¢
the like. At the same time that the sidewall insulation films
15 are formed, a bottom insulation film i1s formed in the
bottom of the trench t1. Subsequently, the bottom 1nsulation
f1lm 1s removed so that the first semiconductor layer 11 can
be exposed again. Thereafter, the trench t1 is filled with a 2°
polycrystal silicon.

Next, as shown i FIG. 5A, a diffusion region 13/ 1s
formed by means of 1on implantation and thermal diffusion
of n-conductive type impurities. The diffusion region 13/
extends to the buried diffusion layer 13u. Alternatively, the 3"

diffusion region 13/ might be formed before the trench t1 1s
formed as shown 1n FIG. 4B.

Next, as shown 1n FIG. 5B, an mnsulation layer 14 1s laid
on the main side of the semiconductor board 10. Subse-
quently, openings are formed through the insulation layer
14. Lastly, a first electrode el and a second electrode €2 are
formed on the msulation layer 14 and connected to the
polycrystal silicon layer 16 and diffusion region 13/ respec-
tively. In the meantime, a metallic layer 17 1s formed on the
back side of the semiconductor board 10.

Thus, the semiconductor device 100 shown 1n FIGS. 1A
and 1B 1s formed.

FIG. 6 1s a typical cross section showing the semicon-
ductor device 100 mounted via solder bumps 71 on a wiring 5
board 70 by means of flip chip packaging.
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As shown in FIG. 6, the semiconductor device 100 1s
mounted by means of flip chip packaging, with its main side
tacing the wiring board 70. This makes it possible to reduce
the wiring delay of the semiconductor device 100 and the s
size ol the package. In particular, for a CSP (chip size
package) structure 1n which the semiconductor device 100
and wiring board 70 are nearly equal 1n size, the package of
the device 100 can be minimized.

For tlip chip packaging and/or CSP structure, as explained 55
with reference to FIG. 13, such problems arise as radiation
ol heat generated in the semiconductor elements and mal-
functioning due to noises from the metallic layer 17, which
1s Tormed for higher heat radiation capability. By contrast, 1t
1s easy to radiate heat from the semiconductor device 100 60
shown 1 FIG. 6 because the metallic layer 17, which has
high heat radiation capability, 1s formed on the back side of
the device 100. As stated already, the semiconductor device
100 1s small and has excellent noise removing capability,
with the capacitors C1 and C2 and resistor R1 formed 1n 1t, 65
and with the potential of the first semiconductor layer 11

fixed.
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FIGS. 7A and 7B typically show another semiconductor
device 101 according to this embodiment. FIG. 7A 1s a top
plan of the semiconductor device 101. FIG. 7B 1s a cross
section taken along line VIIB—VIIB of FIG. 7A. The same
reference numerals are assigned to the similar parts of the
semiconductor device 101 and the semiconductor device
100 shown 1n FIGS. 1A and 1B, and no description will be
provided of the similar parts of the device 101.

As shown 1n FIG. 1A, the trench t1 of the semiconductor
device 100 takes the form of a closed ring 1n plan view. As
shown 1n FIGS. 7A and 7B, the semiconductor device 101
has a trench t2 in the form of a ring. The trench t2 has
branches t2a extending toward the part of the second semi-
conductor layer that 1s surrounded by the ring. The ring of
the semiconductor device 101 1s roughly rectangular. The
branches t2a extend in the form of comb teeth from opposite
sides of the roughly rectangular ring.

As 1s the case with the semiconductor device 100 shown
in FIGS. 1A and 1B, the semiconductor device 101 has a first
capacitor C3 employing the sidewall insulation films 15, a
second capacitor C4 employing the buried insulation film
12, and a resistor R2 employing the polycrystal silicon layer
16 1n the trench t2 and branches t2a. The sidewall insulation
films 15 in the trench t2 in the form of a ring and the
branches t2a have a total area larger than that of the sidewall
insulation films 15 1n the trench t1 1n the form of a ring
without branches. Accordingly, the f{first capacitor C3
employing the sidewall nsulation films 135 of the semicon-
ductor device 101 1s higher 1n capacitance than the first
capacitor C1 employing the sidewall insulation film 15 of
the semiconductor device 100.

FIGS. 8A and 8B typically show still another semicon-
ductor device 102 according to this embodiment. FIG. 8A 1s
a top plan of the semiconductor device 102. FIG. 8B is a
cross section taken along line VIIIB—VIIIB of FIG. 8A.
The same reference numerals are assigned to the similar
parts of the semiconductor device 102 and the semiconduc-
tor device 100 shown 1in FIGS. 1A and 1B.

As shown 1n FIG. 1A, the trench t1 of the semiconductor
device 100 has sharp corners tlc 1n plan view. Accordingly,
the sidewall 1nsulation films 135 1n the trench t1 have sharp
corners 15¢. As shown in FIGS. 8A and 8B, the semicon-
ductor device 102 has a trench t3 in the form of a ring. As
shown 1 FIG. 8A as a plan view, the imner sidewall
insulation film 15 1n the trench t3 has round corners 15~

As 1s the case with the semiconductor device 100 shown
in FIGS. 1A and 1B, the semiconductor device 102 has a first
capacitor C5 employing the sidewall insulation film 15, a
second capacitor Cé6 employing the buried insulation film
12, and a resistor R3 employing the polycrystal silicon layer
16 in the trench t3. As stated above, the corners 157 of the
inner sidewall insulation film 15 of the semiconductor
device 102 are round. This curbs the electric field concen-
tration at the corners of the first capacitor CS formed on both
sides of the inner sidewall insulation film 15. For this reason,
the first capacitor C5 can be prevented from having such
breakdowns as may occur at the corners of the first capacitor
C1 of the semiconductor device 100.

Second Embodiment

Each of the semiconductor devices 100-102 according to
the first embodiment has one trench 1n the form of a closed
ring in plan view. The trench 1s formed on the main side of
a semiconductor board having an SOI structure. Fach of
these semiconductor devices 100-102 also has a capacitor
employing a sidewall msulation film 1n its trench. A semi-
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conductor device according to a second embodiment of the
present invention has a first trench similar to the foregoing
trench and a second trench. The second trench takes the form
of a closed ring 1n plan view and 1s formed inside the first
trench. This embodiment will be described below with
reference to the drawings.

FIGS. 9A and 9B typically show the semiconductor
device 103 according to this embodiment. FIG. 9A 1s a top
plan of the semiconductor device 103. FIG. 9B 1s a cross
section taken along line IXB—IXB of FIG. 9A. The same
reference numerals are assigned to the similar parts of the
semiconductor device 103 and the semiconductor device
100 shown 1n FIGS. 1A and 1B.

The semiconductor device 103 has a first trench t4 similar
to the trench of the semiconductor device 100. The semi-
conductor device 103 also has a second trench tS formed
inside i1ts diffusion region 13f. As 1s the case with the first
trench t4, the second trench t5 takes the form of a closed ring
in plan view, which surrounds a part of second semicon-
ductor layer 13. As shown 1n cross section, the first trench t4
extends through buried insulation film 12 to first semicon-
ductor layer 11, while the second trench t5 extends only to
the buried insulation film 12 without extending through 1t.
Polycrystal silicon layer 19 a fifth semiconductor layer is
buried 1n the second trench t5 also, with sidewall insulation
films 18 as a third insulation film interposed. The part of
second semiconductor layer 13 surrounded by the second
trench t5 1s 1solated from the periphery. For this reason, by
forming arbitrary semiconductor elements (not shown) in
the 1solated part of the second semiconductor layer 13, it 1s
possible to reduce the 1nfluence of noises from the outside.
Consequently, the semiconductor elements can be highly
integrated in the semiconductor device 103.

As 1s the case with the semiconductor device 100, the
semiconductor device 103 has a first capacitor C7 employ-
ing the sidewall 1nsulation film 135, a second capacitor C8
employing the buried insulation film 12, and a resistor R4
employing the polycrystal silicon layer 16 1n the trench t4.
Consequently, the semiconductor elements of the semicon-
ductor device 103 are highly integrated, and the influence on
them of noises from the outside 1s reduced as 1s the case with
the first embodiment.

The formation of the trenches t4 and t5 may include, in the
trench forming process shown with FIG. 4B, the steps of
simultaneously forming trenches t4 and t5 by means of dry
ctching that extend to the oxide film 12, subsequently
masking only the second trench t5 with a resist, and finally
forming an extension of the first trench t4 to the first
semiconductor layer 11 by means of wet etching or the like.

Third E

Embodiment

Each of the semiconductor devices according to the first
embodiment has a capacitor employing a trench sidewall
insulation film. Semiconductor devices according to a third
embodiment of the present invention have diodes formed 1n
them. This embodiment will be described below with ret-
erence to the drawings.

FIG. 10 1s a cross section typically showing a semicon-
ductor device 104 according to this embodiment. The same
reference numerals are assigned to the similar parts of the
semiconductor device 104 and the semiconductor device
100 shown in FIGS. 1A and 1B.

The semiconductor device 104 1s similar 1n structure to

the semiconductor device 100 shown 1in FIGS. 1A and 1B,
but has another diffusion region 20a of the n-conductive type
(n+), which 1s buried 1n first semiconductor layer 11 and
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formed 1n contact with the adjacent surface of buried insu-
lation film 12. Trench t1 extends to the buried diffusion
region 20a. The formation of the buried diffusion region 20a
of the n-conductive type leads to the formation of a diode
employing the adjacent surface of either the first semicon-
ductor layer 11 of the p-conductive type or the polycrystal
silicon layer 16 of the p-conductive type buried 1n the trench
tl. The diode also may be used to remove noises from the
semiconductor device 104.

Thus, the semiconductor device 104 has a diode 1n
addition to a first capacitor C1 employing the sidewall
insulation film 15, a second capacitor C2 employing the
buried insulation film 12, and a resistor R1 employing the
polycrystal silicon layer 16 as 1s the case with the semicon-
ductor device 100. The influence of noises from the outside
on the semiconductor device 104 1s reduced.

The bunied diflusion region 20a 1s formed by means of 10on
implantation before oxide film 12 1s formed 1n the prepara-
tory process shown with FIG. 3A for semiconductor board
105.

FIG. 11 1s a cross section typically showing another
semiconductor device 105 according to this embodiment.
The semiconductor device 1035 has a diffusion region 205
similar to the buried diffusion region 20a of the semicon-
ductor device 104. The diffusion region 205 1s buried around
trench t1 1n the form of a ring in plan view. The buried
diffusion region 205 1s formed in semiconductor board 105
not bonded yet as shown 1n FIG. 3A. As stated above, the
buried diffusion region 206 has a large area surrounding the
trench t1 1n the form of a nng. This makes 1t easy to align
the trench t1 (to align the buried polycrystal silicon layer
16). The semiconductor device 105 also has a second
capacitor C9, which consists of the buried mnsulation film 12,
the buried diffusion region 205 in the first semlconductor
layer 11 on the lower side of the film 12, and the diffusion
layer 13« 1n the second semiconductor layer 13 on the upper
side of the film 12.

Such changes and modifications are to be understood as
being within the scope of the present invention as defined by
the appended claims.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor substrate including a first semiconductor
layer, an insulation layer and a second semiconductor
layer, which are laminated in this order;

a trench penetrating both of the second semiconductor
layer and the insulation layer and reaching the first
semiconductor layer;

a third semiconductor layer; and

first and second electrodes,

wherein the second semiconductor layer 1s disposed on a
principal surface of the substrate, and the first semi-
conductor layer 1s disposed on a backside of the sub-
strate,

wherein the trench has a ring shape on the principal
surface so that a part of the second semiconductor layer
and a part of the insulation layer are surrounded with
the trench,

wherein the third semiconductor layer 1s disposed 1n the
trench through a first insulation film disposed on a
sidewall of the trench so that the third semiconductor
layer contacts the first semiconductor layer at a bottom
of the trench,

wherein the first electrode 1s disposed on the principal
surface of the substrate through a second insulation
film, and electrically connects to the third semiconduc-
tor layer through a contact hole, and
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wherein the second electrode 1s disposed on the principal
surface of the substrate through the second insulation
f1lm, and electrically connects to the part of the second
semiconductor layer surrounded by the trench through
another contact hole.

2. The device according to claim 1,
wherein the third semiconductor layer 1s made of poly

crystalline silicon.

3. The device according to claim 1,

wherein the first insulation film 1s a dielectric film of a
capacitor.

4. The device according to claim 1,

wherein the insulation layer i1s a dielectric film of a
capacitor.

5. The device according to claim 1,

wherein the first semiconductor layer has a first conduc-
tive type, the second semiconductor layer has a second
conductive type, and the third semiconductor layer has
the first conductive type with an impurity concentration
higher than the first semiconductor layer.

6. The device according to claim 5,

wherein the first conductive type 1s a P conductive type,
and the second conductive type 1s an N conductive
type.

7. The device according to claim 3,

wherein the part of the second semiconductor layer sur-
rounded by the trench further includes a diflusion layer
disposed inside of the first mnsulation film so that the
diffusion layer surrounds the part of the second semi-
conductor layer,

wherein the diffusion layer has the second conductive
type with an impurity concentration higher than the part
of the second semiconductor layer, and

wherein the second electrode on the second insulation
layer connects to the diffusion layer through the contact
hole.

8. The device according to claim 7,

wherein the third semiconductor layer, the first insulation
film and the diffusion layer provide a first capacitor.

9. The device according to claim 7, further comprising:

a fourth semiconductor layer disposed between the 1nsu-
lation layer and the second semiconductor layer,

wherein the fourth semiconductor layer has the second
conductive type with an impurity concentration higher
than the second semiconductor layer, and

wherein the fourth semiconductor layer contacts the dif-
fusion layer.

10. The device according to claim 9,

wherein the fourth semiconductor layer, the insulation

layer and the first semiconductor layer provide a second
capacitor.

11. The device according to claim 1, further comprising:

a metallic layer disposed on the backside of the semicon-
ductor substrate.

12. The device according to claim 1, further comprising:
a wiring board,
wherein the wiring board 1s disposed on the principal

surface of the semiconductor substrate through a bump
so that a tlip chip 1s provided.

13. The device according to claim 12,

wherein the device provides a chip size package construc-
tion.

14. A semiconductor device comprising:

a semiconductor substrate including a first semiconductor
layer, an msulation layer and a second semiconductor
layer, which are laminated in this order;
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a trench penetrating both of the second semiconductor
layer and the msulation layer and reaching the first
semiconductor layer;

a third semiconductor layer; and

a diffusion region having the second conductive type with
an 1impurity concentration higher than the second semi-
conductor layer,

wherein the second semiconductor layer 1s disposed on a
principal surface of the substrate, and the first semi-
conductor layer 1s disposed on a backside of the sub-
strate,

wherein the trench has a ring shape on the principal
surface so that a part of the second semiconductor layer
and a part of the insulation layer are surrounded with
the trench,

wherein the third semiconductor layer 1s disposed in the
trench through a first insulation film disposed on a
sidewall of the trench so that the third semiconductor
layer contacts the first semiconductor layer at a bottom
of the trench,

wherein the first semiconductor layer has a first conduc-
tive type, the second semiconductor layer has a second
conductive type, and the third semiconductor layer has
the first conductive type with an impurity concentration
higher than the first semiconductor layer, and

wherein the diffusion region 1s disposed between the
insulation layer and the first semiconductor layer, and
1s disposed under and contacts the third semiconductor
layer.

15. The device according to claim 14,

wherein the diffusion region surrounds the trench 1n plan
VIEW.

16. A semiconductor device comprising:

a semiconductor substrate including a first semiconductor
layer, an mnsulation layer and a second semiconductor
layer, which are laminated in this order;

a trench penetrating both of the second semiconductor
layer and the insulation layer and reaching the first
semiconductor layer; and

a third semiconductor layer,

wherein the second semiconductor layer 1s disposed on a
principal surface of the substrate, and the first semi-
conductor layer 1s disposed on a backside of the sub-
strate,

wherein the trench has a ring shape on the principal
surface so that a part of the second semiconductor layer
and a part of the msulation layer are surrounded with
the trench,

wherein the third semiconductor layer 1s disposed 1n the
trench through a first insulation film disposed on a
stdewall of the trench so that the third semiconductor
layer contacts the first semiconductor layer at a bottom
of the trench, and

wherein the inner sidewall of the trench has a rectangular
shape with four round corners 1n plan view.

17. The device according to claim 16,

wherein the trench has a branch extending toward the part
of the second semiconductor layer.

18. The device according to claim 16,

wherein the trench has a plurality of branches extending
toward the part of the second semiconductor layer to be
a comb tooth.

19. The device according to claim 18,

wherein the mnner sidewall of the trench provides a
rectangular shape having a pair of sides facing each
other, and

wherein the branches protrude from the pair of the sides.
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20. The device according to claim 16, wherein the trench

1s a first trench, the device further comprising;

a second trench penetrating the second semiconductor
layer and reaching the insulation layer; and

a fifth semiconductor layer,

wherein the second trench has a ring shape on the prin-
cipal surface, and 1s disposed inside of the first trench
so that the part of the second semiconductor layer 1s
surrounded with the second trench and the first trench,
and

wherein the fifth semiconductor layer i1s disposed 1n the
second trench through a third insulation film.

21. A semiconductor device comprising;

a semiconductor substrate including a first semiconductor
layer, an insulation layer and a second semiconductor
layer, which are laminated in this order;

a trench penetrating the second semiconductor layer and
reaching the insulation layer;

a third semiconductor layer; and

first and second electrodes,

wherein the first semiconductor layer 1s disposed on a
backside of the substrate, and the second semiconduc-
tor layer 1s disposed on a principal surface of the
substrate,

wherein the trench has a ring shape on the principal
surface 1 a plan view so that a part of the second
semiconductor layer 1s surrounded with the trench,

wherein the third semiconductor layer 1s disposed 1n the
trench through a first insulation film disposed on a
sidewall of the trench,

wherein the first electrode 1s disposed on the principal
surface of the substrate through a second insulation
f1lm, and electrically connects to the third semiconduc-
tor layer in the trench through a contact hole,

wherein the second electrode 1s disposed on the principal
surface of the substrate through the second insulation
f1lm, and electrically connects to the part of the second
semiconductor layer through another contact hole, and

wherein the trench has a branch extending toward the part
of the second semiconductor layer.

22. The device according to claim 21,

wherein the third semiconductor layer 1s made of poly
crystalline silicon.

23. The device according to claim 21,

wherein the first insulation films 1s a dielectric film of a
capacitor.

24. The device according to claim 21,

wherein the first semiconductor layer has a first conduc-
tive type, the second semiconductor layer has a second
conductive type, and the third semiconductor layer has
the first conductive type with an impurity concentration
higher than the first semiconductor layer.

25. The device according to claim 24,

wherein the first conductive type 1s a P conductive type,
and the second conductive type 1s a N conductive type.

26. The device according to claim 24,

wherein the part of the second semiconductor layer sur-
rounded by the trench further includes a diffusion layer
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disposed 1nside of the first insulation film so that the
diffusion layer surrounds the part of the second semi-
conductor layer,

wherein the diffusion layer has the second conductive
type with an impurity concentration higher than the
second semiconductor layer, and

wherein the second electrode on the second insulation

layer connects to the diffusion layer through the contact
hole.

277. The device according to claim 26,

wherein the third semiconductor layer, the first insulation
film and the diffusion layer provide a first capacitor.

28. The device according to claim 26, further comprising:

a fourth semiconductor layer disposed between the 1nsu-
lation layer and the second semiconductor layer,

wherein the fourth semiconductor layer has the second
conductive type with an impurity concentration higher
than the second semiconductor layer, and

wherein the fourth semiconductor layer contacts the dii-
fusion layer.

29. The device according to claim 21,

wherein the trench has a plurality of branches extending
toward the part of the second semiconductor layer to be
a comb tooth.

30. The device according to claim 29,

wherein the mnner sidewall of the trench provides a
rectangular shape having a pair of sides facing each
other, and

wherein the branches protrude from the pair of the sides.

31. The device according to claim 21,

wherein the inner sidewall of the trench has a rectangular
shape with four round corners 1n plan view.

32. The device according to claim 21, wherein the trench

a first trench, the device further comprising:

a second trench penetrating the second semiconductor
layer and reaching the insulation layer; and

a fifth semiconductor layer,

wherein the second trench has a ring shape on the prin-
cipal surface, and 1s disposed 1nside of the first trench
so that the part of the second semiconductor layer 1s
surrounded with the second trench and the first trench,
and

wherein the fifth semiconductor layer 1s disposed 1n the
second trench through a third insulation film.

33. The device according to claim 21, further comprising:

a metallic layer disposed on the backside of the semicon-
ductor substrate.

34. The device according to claim 21, further comprising:

a wiring board,

wherein the wiring board 1s disposed on the principal
surface of the semiconductor substrate through a bump
so that a flip chip 1s provided.

35. The device according to claim 21,

wherein the device provides a chip size package construc-
tion.




	Front Page
	Drawings
	Specification
	Claims

